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S u m m a r y : Aqueous fermentation extracts of composted microbiologically active substrates reduced significantly the 
infestation of grapevine leaves with Plaslllopara viticola under growth chamber conditions. Enhancement of efficacy was available 
through the enrichment of the extracts with nutrients - like sucrose and brewer's yeast - or with a natural surfactant (methylized 
cellulose). Studies on the microbial composition of the phyllosphere showed that the quantity of the total number of colony forming 
units , of yeasts/filametous fungi, of enterobacteria, of pseudomonads and of aerobic bacilli depends on the specific amendments to 
the extracts and on the microclimatic conditions. They are responsible for the differences in efficiency of the various extracts against 
P viticola. Appropriate investigations on the phyllosphere in a field experiment resulted in a different composition of the microflora, 
though the same combinations of extract amendments were used. This is caused by the varying environmental conditions. In spite of 
the changed microflora, the disease suppress ing effects against U11cilllrla 11ecator were preserved . 
Wirkungen der Mikl'Oflorazusammensetzung in der Phyllosphäre auf die biologische Regulierung von Pilzkrankheiten 
der Weinrebe 
Z u s a m m e n f a s s u n g : Wässrige Extrakte aus kompostierten mikrobiologisch aktiven Substraten reduzieren nach 
prophylaktischer Applikation den Befall von Rebblättern mit Plaslllopara vitico/a im Klimakammerversuch signifikant. Eine Stei-
gerung der Wirkung kann durch Nährstoffanreicherungen mit Saccharose und Bierhefe sowie durch Zugabe einer natürlichen 
Formulierungshilfe (methylierte Cellulose) erreicht werden. Mikroflorauntersuchungen in der Phyllosphäre auf die Gesamtkeim-
zahl, Hefen/filamentöse Pilze, Enterobacteriaceen, Pseudomonaden und auf Aerobe Sporenbildner zeigen, daß es in Abhängigkeit 
von der Extraktanreicherung sowie von den mikroklimatischen Bedingungen zu einer spezifischen Förderung unterschiedlicher 
Mikroorganismengruppen kommt. Dadurch lassen sich die Unterschiede in den Wirkungsgraden der einzelnen Varianten im Biotest 
mit P vitico/a erklären. Entsprechende Untersuchungen in einem Freilandversuch zeigen ein differenziertes Bild der Mikroflora-
zusammensetzung bei Zusatz der gleichen Nährstoffkombinationen, was auf die unkontrollierbaren Bedingungen im Freiland zu-
rückzuführen ist . Die antiphytopathogene Wirkung der mikrobenreichen Kompostextrakte gegen Ullcillula 11ecator bleibt jedoch 
auch im Freiland erhalten. 
K e y wo r d s : tnicroflora composition, phyllosphere, compost extracts, nutrient enrichments , climatic conditions, Plasmapara 
viticola, Uncinula necator. 
Introduction 
For an ecologically oriented viticulture synthetic pes-
ticides should not be used. Nevertheless, an economically 
efficient wine-growing is hardly possible without an ef-
fective regulation of pests and diseases. Therefore it is 
necessary to develop an alternative pest and disease 
management, which Ieads to a sufficient control of patho-
gens of grapevine in an ecologically harmless way by us-
ing the naturally occurring ecological structures. One way 
of acting could be the application of microbiological con-
trol agents. Their modes of action is based on antagonistic 
properties of microorganisms, like competitive behaviours, 
direct antibiotic inhibition and hyperparasitism (GARRETT 
1956) or they promote the natural ocurring defense reac-
tions of host plant tissues (ScHöNBECK et a/. 1980). Al ready 
a wide range of individual microorganisms were found 
which possess strong antagonistic properties against fun-
gal pathogens of grapevine, for example against Botrytis 
cinerea (Dusos et al. 1982, SHtMSHONI et al. 1989), against 
U. necator (GADOURY and PEARSON 1988, SzTEJNBERG et al. 
1989, PuzANOVA 1990) and against P. vitico/a (HENNER 
1962). The promotion of such antagonists through addi-
tions of nutrients is repeated1y described (ELAD and ZIMAND 
1990, Tll.CHER and BRENDEL 1991). However, in most cases 
positive results in the Iabaratory were not confirrned un-
der field conditions, because most of the microbial iso-
lates can not be established under natural conditions to 
develop their antagonistic effects. The optimal conditions 
for such microorgani sms are very scarce under un-
controllable outdoor conditions and they are hardly never 
congruous with the climatic demands of the appropriate 
pathogens (BLAKEMAN and FoKKEMA 1982, ANoREWS 1985, 
BLAKEMAN 1985). A promising alternative is affered by 
complex microbiological media, like the aqueous fermen-
tation extracts of composted organic materials . These liq-
Correspondence to: Dr. H.C. W ELTZtEN, Universität Bonn, Institut für Pflanzenkrankheiten, Nussallee 9, D-53115 Bonn, Germany. 
2 3 6  
R .  S A C K E N HEI M ,  H .  C .  W E L T Z I E N  a n d  W .  K .  K A s T  
u i d s  a r e  c h a r a c t e r i z e d  b y  h i g h  m i c r o b i a l  a c t i v i t y  a n d  a  
v a r i e d  m i c r o b i a l  s p e c t r u m  w h i c h  I e t  e x p e c t  a  c e r t a i n  s t a -
b i l i t y  a n d  a  w i d e  r a n g e  o f  e f f i c a c y .  A n t i p h y t o p a t h o g e n i c  
e f f e c t s  o f  s u c h  c o m p o s t  e x t r a c t s  w e r e  f o u n d  f o r  a  r e m a r k -
a b l e  m 1 m b e r  o f  h o s t - p a t h o g e n - s y s t e m s  i f  a p p l i c a t e d  o n  
p l a n t  s u r f a c e s .  T h i s  r e s u l t s  w e r e  s u m m a r i z e d  b y  W E L T Z I E N  
( 1 9 8 9 ,  1 9 9 0 ,  1 9 9 2 ) .  F o r  g r a p e v i n e ,  b e n e f i c i a l  e f f e c t s  o f  
c o m p o s t  e x t r a c t s  u n d  e r  f i e l d  c o n d i t i o n s  w e r e  p r o v e d  a g a i n s t  
P  v i t i c o l a  a n d  P s e u d o p e z i c u l a  t r a c h e i p h i l a  ( K E T T E R E R  a n d  
W E L T Z I E N  1 9 8 7 ,  K E T T E R E R  1 9 9 0 ) ,  a g a i n s t  U .  n e c a t o r  
(  S A C K E NH E I M  e t  a l .  1 9 9 0 ,  K E T T E R E R  a n d  S A C K E N H E I M  1 9 9 1 )  
a n d  a g a i n s t  B .  c i n e r e c 1  ( S A C K E N H E I M  e l  a l .  1 9 9 2 ) .  I n  t h i s  
p a p e r  w e  r e p o r t  a b o u t  t h e  p o s s i b i l i t i e s  t o  s t r e n g t h e n  t h e  
e f f i c i e n c y  o f  w a t e r y  c o m p o s t  p r e p a r a t i o n s  w i t h  n u t r i e n t  
e n r i c h m e n t s .  F u r t h e r m o r e ,  t h e  l i n k s  a r e  s t u d i e d ,  w h i c h  e x i s t  
b e t w e e n  s u p p r e s s i v e  e f f e c t s  o n  f u n g a l  p a t h o g e n s  a n d  t h e  
m i r c o f l o r a  c o m p o s i t i o n  i n  t h e  p h y l l o s p h e r e .  
M a t e r i a l s  a n d  m e t h o d s  
E x  t  r  a  c  t  p  r  o  d  u  c  t  i  o  n  :  A  c o m p o s t  p r o d u c e d  o u t  
o f  h o r s e  m a n u r e  a s  r a w  m a t e r i a l  w a s  m i x e d  w i t h  w a t e r  i n  
r a t i o  o f  I  :  1 0  a n d  w a s  f e r m e n t e d  a t  a m b i e n t  t e m p e r a t u r e s  
v a r y i n g  f r o m  2 0  t o  2 5  oc  f o r  7  d  i n  o p e n  c o n t a i n e r s .  3  d  
b e f o r e  e n d  o f  f e r m e n t a t i o n  t h e  n u t r i e n t s  s u c r o s e  ( b e e t  s u g a r )  
a n d  b r e w e r ' s  y e a s t  ( B i o - B i e r h e f e e x t r a k t  p i l l s ,  B i o l a b o r  
C o m p a n y ,  B r e m e n )  w e r e  a d d e d  t o  t h e  a p p r o p r i a t e  c o m -
p o s t  b r o t h .  T h e  e x t r a c t s  w e r e  o b t a i n e d  b y  f i l t e 1 i n g  t h e  b r o t h s  
t h r o u g h  a  s i e v e  i m m e d i a t e l y  b e f o r e  a p p l i c a t i o n .  O n e  t r e a t -
m e n t  w a s  a d d i t i o n a l l y  e n r i c h e d  w i t h  a  m e t h y l i z e d  c e l l u -
l o s e  ( K W S - K l e b e r ,  K l e i n w a n z l e b e n e r  S a a t z u c h t  C o m p a n y ,  
E i n b e c k )  a s  a  n a t u r a l  s u r f a c t a n t .  T h e  f o l l o w i n g  t r e a t m e n t s  
w e r e  a p p l i e d :  c o n t r o l  ( t a p  w a t e r )  - h o r s e  m a n u r e  c o m p o s t  
e x t r a c t - h o r s e  m a n u r e  c o m p o s t  e x t r a c t  +  s u c r o s e  ( 3  % )  -
h o r s e  m a n u r e  c 0 1 n p o s t  e x t r a c t  +  s u c r o s e  ( 3  % )  +  b r e w e r ' s  
y e a s t  (  1  % )  - h o r s e  m a n u r e  c o m p o s t  e x t r a c t  +  s u c r o s e  ( 3  % )  
+  b r e w e r ' s  y e a s t  (  l  % )  +  s u r f a c t a n t  ( 0 . 1  %  ) .  
G  r  o  w  t  h  c  h  a  m  b  e  r  e  x  p  e  r  i  m  e  n  t  s  :  F o r  
e v e r y  t r e a t m e n t  2 0  c u t t i n g s  o f  g r a p e  ( c v .  T r o l l i n g e r )  w e r e  
a p p l i e d  u s i n g  o r d i n a r y  s p r a y  e q u i p m e n t .  S u b s e q u e n t 1 y  1 0  
c u t t i n g s  p e r  t r e a t m e n t  w e r e  s e t  u p  r a n d o m i z e d  i n  a  g r o w t h  
c h a m b e r  u n d e r  h u m i d  ( R H :  9 0 - 9 5  % )  a n d  d r y  c o n d i t i o n s  
( R H :  5 0  - 6 0  %  ) .  L i g h t  a n d  t e m p e r a t u r e  w e r e  e q u a l  u n d e r  
b o t h  h u m i d i t y  S t a g e s  ( 3  k J x  f o r  1 6  h  a t  2 2  ° C ) .  3  d  a f t e r  
a p p l i c a t i o n  t h e  l e a v e s  o f  t h e  c u t t i n g s  w e r e  d e t a c h e d .  
T h r o u g h  a  p a r a l l e l  s e t  o f  e x p e r i m e n t s  t h e  c o n n e c t i o n  b e -
t w e e n  t h e  c o m p o s i t i o n  o f  m i c r o f l o r a  a n d  t h e  s u p r e s s i o n  o f  
P  v i t i c o l a  o n  g r a p e v i n e  l e a v e s  c o u l d  b e  i n v e s t i g a t e d .  
B i o a s s a y  w i t h  P l a s m a p a r a  v i t i c o l a :  
7  d e t a c h e d  l e a v e s  p e r  t r e a t m e n t  w e r e  p l a c e d  i n  p e t r i  d i s h e s  
o n  m o i s t  b l o t t e r  p a p e r  a n d  w e r e  a r t i f i c i a l l y  i n o c u l a t e d  o n  
t h e  l o w e r  l e a f  s u r f a c e  w i t h  a  w a t e r y  s u s p e n s i o n  o f  8  x  1 0
4  
s p o r a n g i a / m l .  T h e  p e t r i  d i s h e s  w e r e  i n c u b a t e d  a t  1 8  - 2 0  oc  
w i t h  1 6  h  o f  l i g h t  o f  3  k l x .  I  0  d  l a t e r  t h e  c o v e r a g e  o f  t h e  
l e a f  s u r f a c e  b y  s p o r a n g i o p h o r e s  i n  %  o f  l e a f  a r e a  w a s  d e -
t e r m i n e d .  T h e  s t a t i s t i c s  w e r e  d o n e  s e p e r a t l y  f o r  b o t h  h u -
m i d i t y  c o n d i t i o n s .  
S  t  u  d  i  e  s  o  n  t  h  e  m  i  c  r  o  f  I  o  r  a  c  o  m  p  o -
s  i  t  i  o  n  i  n  t  h  e  p  h  y  I  I  o  s  p  h  e  r  e  :  5  g  o f  t h e  
r e m a i n i n g  l e a f  m a t e r i a l  o f  e a c h  t r e a t m e n t  w e r e  h a n d l e d  a s  
d e s c r i b e d  b y  H I S L O P  a n d  C o x  (  1 9 6 9 ) .  T h e y  w e r e  m i x e d  w i t h  
2 0  g  g l a s  b e a d s  ( 2 - 3  c m  i n  d i a m e t e r )  a n d  w i t h  1 0 0  m l  R i n g e r  
s o l u t i o n .  T h e s e  s a m p l e s  w e r e  m o v e d  o n  a  s h a k e r  (  L O O  r p m )  
f o r  2  h  a n d  a f t e r w a r d s  t h e  m i c r o f 1 o r a  c o m p o s i t i o n  w a s  s w d -
i e d  b y  p l a t i n g  t h e  w a s h w a t e r  o n  t h e  f o l l o w i n g  c u l t u r e  m e -
d i a  ( M e r c k  C o m p a n y ) :  
T o t a l  m 1 m b e r  o f  c o l o n y  f o r m i n g  u n i t s  ( c f u ) :  C a s o - A g a r  ( c a -
s e i n - p e p t o n e  s o y m e a l - p e p t o n e  a g a r )  - y e a s t s  a n d  
f i l a m e t o u s  f u n g i :  W o r t - A g a r - e n t e r o b a c t e r i a :  V R B D -
A g a r  ( V i o l e t - r e d - b i l e - d e x t r o s e  a g a r )  - p s e u d o m o n a d s :  
G S P - A g a r  ( p s e u d o m o n a s  a e r o m o n a s  s e l e c t i v e  a g a r )  -
a e r o b i c  b a c i l l i :  C a s o - A g a r  ( c a s e i n - p e p t o n e  s o y m e a 1 -
p e p t o n e  a g a r ) .  
F o r  t h e  s e l e c t i o n  o f  t h e  a e r o b i c  b a c i l l i  t h e  w a s h w a t e r  
s a m p l e s  w e r e  i n c u b a t e d  f o r  2 0  n l i n  a t  8 0  oc .  T h e  s a m p l e s  
w e r e  l a i d  o n  t h e  m e d i a  w i t h  a  S p i r a l  p l a t e r  ( M o d e l l  C U ,  
S p i r a l  S y s t e m s  I n c . ,  C i n c i n n a t i / U S A )  i n  t l u · e e  r e p l i c a t i o n s .  
A f t e r  t h e  r e s p e c t i v e  i n c u b a t i o n  t i m e s  t h e  n u m b e r  o f  c o l o n y  
f o r m i n g  u n i t s  ( c f u / g  1 e a f  m a t e r i a l )  w a s  d e t e r m i n e d .  
P h y l l o s p h e r e  s t u d i e s  i n  a  f i e l d  
e  x  p  e  r  i  m  e  n  t  :  T h e  f i e l d  t r i a l  w a s  p e r f o r m e d  i n  a  c v .  
K e r n e r  v i n e y a r d  n a m e d  " G i ü c k e n h ä l d e "  l o c a t e d  i n  
W e i n s b e r g / W i . i r t t e m b e r g .  T h e  e x p e r i m e n t  w a s  s e t  u p  i n  a  
r a n d o m i z e d  b l o c k  d e s i g n  a n d  a l l  t r e a t m e n t s  w e r e  r e p l i -
c a t e d  6  x .  T h e  e x t r a c t s  w e r e  a p p l i e d  w i t h  r e g t d a r  p e s t i c i d e  
s p r a y  e q u i p m e n t  6  x  i n  i n t e r v a l s  o f  1 0 - l l  d  b e t w e e n  J u n e  
3  a n d  J u l y  2 2 ,  1 9 9 1 .  T h e  t r e a t m e n t s  w e r e  t h e  s a m e  a s  i n  
t h e  g r o w t h  c h a m b e r  e x p e r i m e n t .  3  d  a f t e r  t h e  l a s t  a p p l i c a -
t i o n  2 0  l e a v e s  o f  e a c h  r e p l i c a t i o n  o f  e v e r y  t r e a t m e n t  w e r e  
t a k e n  a n d  1 5  g  l e a f  m a t e r i a l  w a s  r e d u c e d  t o  s m a l l  p i e c e s ,  
m i x e d  w i t h  5 0  g  g l a s  b e a d s  a n d  w i t h  3 0 0  m l  R i n g e r  s o l u -
t i o n  a n d  h a n d l e d  a s  m e n t i o n e d  a b o v e  ( n l i c r o f l o r a  i n v e s t i -
g a t i o n s  o f  t h e  g r o w t h  c h a m b e r  e x p e r i m e n t ) .  
R e s u l t s  
G r o w t h  c h a m b e r  b i o a s s a y  w i t h  
P  v  i  1  i  c  o  I  a  :  U n d e r  m o i s t  c o n d i t i o n s  2 6  %  d i s e a s e  
r e d u c t i o n  w a s  o b t a i n e d  w i t h  t h e  p u r e  c o m p o s t  e x t r a c t  w h i l e  
a l l  a m e n d m e n t s  t o  t h e  e x t r a c t s  I e a d  t o  a n  i n c r e a s e d  e f f i -
c a c y  a g a i n s t  P  v i t i c o l a  ( F i g .  I ) .  T h u s ,  t h e  e x t r a c t  w i t h  t h e  
a d m i x t u r e  o f  s u c r o s e  p l u s  b r e w e r ' s  y e a s t  a c h i e v e d  a n  e f f i -
c i e n c y  o f  5 8  % .  U n d e r  d r y  c o n d i t i o n s  t h e  p u r e  e x t r a c t  a n d  
t h e  o n e  e n r i c h e d  w i t h  s u c r o s e  h a v e  n o  s i g n i f i c a n t  e f f e c t  
o n  P  v i t i c o l a .  O n l y  t h e  e x t r a c t s  w i t h  t h e  a d d i t i o n  o f  s u -
c r o s e  p l u s  b r e w e r ' s  y e a s t  r e d u c e d  t h e  i n c i d e n c e  o f  t h e  p a t h o -
g e n  s i g n i f i c a n t l y  b y  u p  t o  4 1  % .  
G r o w t h  c h a m b e r  s t u d i e s  o n  t h e  
m  i  c  r  o  f  I  o  r  a  c  o  m  p  o  s  i  t  i  o  n  i  n  t  h  e  p  h  y  I -
I  o  s  p  h  e  r  e  :  C o m p a r i n g  t h e  m i c r o f l o r a ,  i t  i s  e v i d e n t  t h a t  
u n d e r  d r y  c o n d i t i o n s  a l l  g r o u p s  o f  m i c r o o r g a n i s m s  w e r e  
f o u n d  i n  l o w e r  d e n s i t i e s  t h a n  u n d e r  h u m i d  c o n d i t i o n s ,  w i t h  
t h e  e x c e p t i o n  o f  t h e  a e r o b i c  b a c i l l i .  T h e y  a l s o  o c c u r r e d  
w i t h  h i g h  p o p u l a t i o n s  u n d e r  d r y  c o n d i t i o n s  ( F i g s .  2  +  3 ) .  
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The application of the pure compost extract under hu-
mid conditions raised the total number of colony forming 
units ( cfu) and the number of enterobacteri a, pseudomonads 
leaf are a infested (%) 
7 0 ~-----------------------------------------, 
60 - A = 
50 
40 
30 
20 
AB b 
r--
's 
AB 
c-
c 
B 
r--- c 
B 
r--- c 
Control PMK PMK •S u PMK+Su • BY PMK•Su• BY•Surf 
D dry condltions Eil humid conditions 
PMK • horse manure compost extrac t Su " auerosa 
BY • brewers yeast Surf " surfac tant 
Fig. 1: Suppression of P. viticola by a horse manure compost 
extract (PMK) with and without different amendments after in-
cubation under humid (R.H. 90- 95 %) and dry (R.H. 50-60 %) 
growth chamber cond itions. Di ffe rent letters mark significant 
differences according to Duncan's multiple range tes t (P = 0.05). 
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Figs. 2 and 3: Influence of different enriched horse manure com-
post extracts (PMK) on the populations of 5 groups of microor-
ganisms (total number of cfu, yeas ts/filamentou s fungi, entero 
bacteria, pseudomonads and aerobic bacilli/g leaf materi al) in 
the phyllosphere of grape cuttings. 
Under humid (R. H. 90 - 95 %: Fig. 2 , above) and under dry 
(R.H. 50-60 %: Fig. 3, below) growth chamber conditi ons. 
Before stati stical analysis data were log-transformed (Fig. 2: 
yeasts+fungi, pseudomonads ; Fig. 3: total number, yeasts+fungi , 
ente robac t, pseudomonad s) , rez iprocal-transformed (Fig. 2: 
enterobact.). Diffe rent letters mark signifi ca nt diffe rences 
according to Duncan's multiple range test (P = 0.05). 
and aerobi c bacilli compared to the control. Under dry con-
ditions only the total number of cfu increased. 
If the extract was enriched with sucrose, an additional 
promotion of microflora populat ions was not observed 
under humid conditions in comparison with the pure com-
post extract. But under dry conditions the addition of su-
crose promoted the total number of cfu, enterobacteri a and 
pseudomonads but on a lower Ievel of popul ation. This 
demonstrates the stabilization of thi s groups of micro-
organi sms under un favo urable conditions through thi s 
enrichment.lnhibitional effects of the pure and the sucrose-
enriched extract on the yeasts/filamentous fungi occur only 
under moist but not under dry conditions. 
The addition of the nutrient combination sucrose plus 
brewer's yeast rai sed the total number of cfu under both 
humidity stages. Particularly under humid conditions the 
quantity of the yeasts/ filamenta us fungi was increased. In 
cantrast to thi s, the development of the enterobacteria and 
pseudomonads was strongly inhibited, but only in the moist 
atmosphere. 
The addition of the surfactant did not influence the 
quality or quantity of the microflora under both simulated 
maisture conditions except the enterobacteria and 
pseudomonads under humid conditions. Their number was 
reduced compared to the control but without reaching the 
low Ievel caused by the appropriate extract with the only 
e nrichment of suc rose and brewer's yeast but without 
surfactant. 
The dependence of the different groups of microor-
gani sms with antagoni stic relevance on the environmental 
conditions was demonstrated through the highl y signifi-
cant correlations between the inte ns ity of attack of 
P viticola and the number of yeasts/filamentous fungi and 
aerobic bacilli . The importance ofyeasts/filamentous fungi 
increased under dry conditions (r = -0.737), the aerobic 
bacilli under humid conditions (r = -0.851). Clearly nega-
tive correlations were found for the total number of cfu , 
particularly in the dry atmosphere (r = -0.9 12), showing 
the highest negative correlation between increase in mi-
crobes in the phyllosphere and decrease in disease inci-
dence . It is ev ident , that especiall y under ex treme 
environmental conditions additional microorgani sms 
may be involved, which were not studied in this investiga-
tion. 
P h y I I o s p h er e s tu d i es i n a f i e I d e x-
p er i m e n t : Studies of microbial populations in a field 
experiment in 1991 with the same treatments like in the 
growth chamber trial showed different results (Fig. 4) . The 
pure compost extract did only raise the number of aerobic 
bacilli significantly under field conditions. The amendment 
with sucrose results in a significant increase of the total 
number of cfu and yeasts/filamentous fungi , as compared 
with the pure extract , but it shows no effects on the 
enterobacteria and pseudomonads. The addition of brew-
er's yeast increases the effects on the total number of cfu , 
the yeasts/filamentous fungi and on the aerobic bacilli. A 
significant rise of the enterobacteria and pseudomonads 
through the amendment of the surfactant in comparison 
with the control was found in the field experiment in can-
tras t to the growth chamber tri al. 
2 3 8  R .  S A C K E NH E I M ,  H .  C .  W E L T Z I E N  a n d  W .  K .  K A s T  
I n  t h e  s a m e  f i e l d  t r i a l  t h e  n a t u r a l l y  o c c u r r i n g  i n c i d e n c e  
o f  U .  n e c a t o r  o n  l e a v e s  w a s  e x a m i n e d  o n  J u l y  2 2 .  A l l  t r e a t -
m e n t s  r e d u c e d  t h e  f r e q u e n c y  o f  d i s e a s e  a t t a c k  s i g n i f i c a n t l y  
c o m p a r e d  w i t h  t h e  t a p  w a t e r  t r e a t e d  c o n t r o l ,  w h i c h  s h o w e d  
a n  i n f e s t a t i o n  o f  a b o u t  5 7 . 6  % .  H o w e v e r ,  o n l y  t h e  e x t r a c t  
e n r i c h e d  w i t h  s u c r o s e ,  b r e w e r ' s  y e a s t  p l u s  s u r f a c t a n t  d i f -
f e r s  s i g n i f i c a n t l y  f r o m  t h e  p u r e  c o m p o s t  e x t r a c t .  l t  o b t a i n e d  
a n  e f f i c i e n c y  o f  7 1  %  c o m p a r e d  w i t h  t h e  c o n t r o l  a n d  d i f -
f e r s  a l s o  s i g n i f i c a n t l y  f r o m  t h e  s a m e  t r e a t m e n t  w i t h o u t  
s u r f a c t a n t .  T h e  o c c u r r e n c e  o f  o t h e r  f u n g a l  p a t h o g e n s  w a s  
n o t  i m p o r t a n t  d u r i n g  t h e  t i m e  o f  e x p e r i m e n t .  
l o g  c f u / g  J e a f  m a t e r i a l  
8 , - - - - - - - , - - - - - - - - , - - - - - - - - , - - - - - - - - , - - - - - - - - ,  
5  
4  
3  
2  
t o t a l  n u m b e r  y e a s t s + f u n g l  e n t e r o b a c t .  p s e u d o m o n a d s  b a c l l l l  
- C o n t r o l  
§  P M K  
~ P M K • S u • B Y  
~ P M K + S u + B Y + S u r f  
P M K  •  h o r s e  m a n u r e  c a m p e s t  e x t r a c t  
B Y  •  b r e w e r ' s  y e a s t  
~ P M K • S u  
S u  "  s u c r o s e  
S u r f  •  s u r f a c t a n t  
F i g .  4 :  I n f l u e n c e  o f  d i f f e r e n t  a m e n d e d  h o r s e  m a n u r e  c o m p o s t  
e x t r a c t s  ( P M K )  o n  t h e  p o p u l a t i o n s  o f  5  g r o u p s  o f  m i c r o o r g a n -
i s m s  ( t o t a l  m 1 m b e r  o f  c f u ,  y e a s t s / f i l a m e n t o u s  F u n g i ,  e n t e r o  b a c -
t e r i a ,  p s e u d o m o n a d s  a n d  a e r o b i c  b a c i l l i / g  l e a f  m a t e r i a l )  i n  t h e  
p h y l l o s p h e r e  o f  g r a p e v i n e  a t  " G l ü c k e n h ä l d e "  v i n e y a r d  i n  W e i n s -
b e r g / W ü r t t e m b e r g  o n  2 5 . 0 7 . 9 1 .  B e f o r e  s t a t i s t i c a l  a n a l y s i s  d a t a  
w e r e  a r c s i n - t r a n s f o r m e d  ( e n t e r o b a c t . ) ,  r e z i p r o c a l - t r a n s f o r m e d  
( p s e u d o m o n a d s ) .  D i f f e r e n t  l e t t e r s  m a r k  s i g n i f i c a n t  d i f f e r e n c e s  
a c c o r d i n g  t o  D u n c a n ' s  m u l t i p l e  r a n g e  t e s t  ( P  =  0 . 0 5 ) .  
D i s c u s s i o n  
T h e  a p p l i c a t i o n  o f  c o m p o s t  e x t r a c t s  h a s  a  s t r o n g  i n -
f l u e n c e  o n  t h e  m i c r o f l o r a  i n  t h e  p h y l l o s p h e r e  o f  g r a p e  
l e a v e s .  T h e  a m e n d m e n t  w i t h  n u t r i e n t s  - s u c h  a s  s u c r o s e  o r  
b r e w e r ' s  y e a s t - c h a n g e s  t h e  q u a n t i t y  o f  t h e  d i f f e r e n t  g r o u p s  
o f m i c r o o r g a n i s m s  c o n s i d e r a b l y  a n d i n  t h i s  w a y  t h e  a n t a g o -
n i s t i c  q u a 1 i t y  o f  t h e  m i c r o f l o r a  i n  t h e  p h y l l o s p h e r e .  l t  I e a d s  
t o  a  s t a b i 1 i z a t i o n  o f  t h e  p h y l l o s p h e r e  c o l o n i z a t i o n  t h r o u g h  
m i c r o o r g a n i s m s  u n d e r  e x t r e m e  c l i m a t i c  c o n d i t i o n s .  H o w -
e v e r ,  t h e r e  i s  n o  g e n e r a l  p r o m o t i o n  a n d  s t a b i l i z a t i o n  o f  t h e  
m i c r o f l o r a  b u t  a  s e l e c t i v e  e f f e c t  a c c o r d i n g  t o  t h e  k i n d  o f  
n u t r i e n t s  a d d e d  a n d  t o  t h e  c l i m a t i c  c o n d i t i o n s .  S u s w w  
(  1 9 8 2 )  h a s  r e p o r t e d  t h e  e n h a n c e m e n t  o f  d r o u g h t  r e s i s t a n c e  
o f  b a c t e r i a  t h r o u g h  s m a l l  a m o u n t s  o f  s u g a r  c o m p o u n d s  a n d  
a m i n o a c i d s ,  r e s p .  T h e  I a b a r a t o r y  t e s t s  w i t h  P .  v i t i c o l a  
v e r i f y ,  t h a t  w i t h  i n c r e a s i n g  n u m b e r s  o f  m i c r o b e s  u n d e r  
h u m i d  c o n d i t i o n s  o r  t h r o u g h  n u t r i e n t  a m e n d m e n t s  t h e  p r o -
t e c t i v e  e f f i c a c y  i s  i m p r o v e d .  T h e  s p e c i f i c  p r e f e r e n c e  o f  
t h e  s e v e r a l  g r o u p s  o f  m i c r o b e s  u n d e r  t h e  d i f f e r e n t  c o n d i -
t i o n s  i s  s h o w n  t h r o u g h  t h e  c o r r e l a t i o n  t e s t s .  
G R a s s - S P A N G E N B E R G  (  1 9 9 2 )  a l s o  p r o v e d  c o r r e l a t i o n s  
b e t w e e n  t h e  t o t a l  n u m b e r  o f  c f u ,  b a c t e r i a ,  e n t e r o b a c t e r i a  
a n d  f l u o r e s c e n t  p s e u d o m o n a d s  i n  t h e  p h y l l o s p h e r e  o f  a p -
p l e  l e a v e s  a n d  t h e  i n c i d e n c e  o f  V e n t u r i a  i n a e q u a l i s  a f t e r  
t r e a t m e n t s  w i t h  s u c r o s e  a n d  b r e w e r ' s  y e a s t  e n r i c h e d  e x -
t r a c t s .  S n N D T  ( 1 9 9 0 )  f o u n d  s t r o n g  r e l a t i o n s  b e t w e e n  t h e  
t o t a l  n u m b e r  o f  c f u ,  e n t e r o b a c t e r i a  a n d  p s e u d o m o n a d s  a n d  
t h e  i n f e c t i o n  o f  p h a s e o l u s  b e a n  l e a v e s  w i t h  B .  c i n e r e a ,  i f  
t r e a t e d  w i t h  c o m p o s t  e x t r a c t s .  K E T T E R E R  a n d  S c H W A G E R  
( 1 9 9 2 )  e m p h a s i z e d  t h e  i m p o r t a n c e  o f  t h e  a e r o b i c  b a c i l l i  
a n d  e n t e r o b a c t e r i a  i n  t h e  h o s t - p a t h o g e n - s y s t e m  P h a s e a l u s  
b e a n - E r y s i p h e  p o l y g o n i ,  w h i l e  f o r  P h y t o p h t h o r a  i n f e s t a n s  
o n  t o m a t o  t h e y  i n d i c a t e  a n  o u t s t a n d i n g  r o l e  f o r  d i s e a s e  
s u p p r e s s i o n  f o r  t h e  e n t e r o b a c t e r i a  a n d  p a r t i c u 1 a r l y  t h e  
p s e u d o m o n a d s .  M o r e o v e r ,  t h e  a u t h o r s  r e p o r t e d  a b o u t  a  s i g -
n i f i c a n t  p r o m o t i o n  o f  t h e  m i c r o b i a l  p o p u l a t i o n s  t h r o u g h  
a d d i t i o n  o f  c a s e i n  t o  a  c o m p o s t  e x t r a c t .  T R Ä N K N E R  a n d  
L A N G E  ( 1 9 9 3 )  p r o p a g a t e d  " c a s o  b r o t h "  p l u s  r a p e  o i l  a s  e f -
f e c t i v e  e n r i c h m e n t s  f o r  c o m p o s t  e x t r a c t s .  T h e  e n h a n c e -
m e n t  o f  e f f i c a c y  a g a i n s t  P .  t r a c h e i p h i / a  a n d  U .  n e c a t o r  
w a s  c o r r e l a t e d  w i t h  t h e  i n c r e a s e  o f  t h e  t o t a l  n u m b e r  o f  c f u  
a n d  t h e  q u a n t i t y  o f  a e r o b i c  b a c i l l i .  
O u r  o w n  i n v e s t i g a t i o n s  a l s o  s h o w  t h e  d e p e n d e n c e  o f  
t h e  m i c r o b i a l  c o m p o s i t i o n  a n d  o f  t h e  e f f e c t s  a g a i n s t  v a r i -
o u s  f u n g a l  g r a p e v i n e  d i s e a s e s  f r o m  t h e  t y p e  o f  n u t r i e n t  
e n r i c h m e n t .  I n  I a b a r a t o r y  a n d  g r e e n h a u s e  e x p e r i m e n t s  
d i s t i n c t  e f f e c t s  o c c u r  a g a i n s t  t h e  p a t h o g e n s  P .  v i t i c o l a ,  
B .  c i n e r e c t  a n d  U .  n e c a t 0 1 ;  d e p e n d i n g  o n  t h e  a d d e d  n u t r i -
e n t s  ( S A C K E N H E I M  1 9 9 3 ) .  
C o m p a r i n g  t h e  r e s u l t s  o f  t h e  g r o w t h  c h a m b e r  e x p e r i -
m e n t  w i t h  t h e  i n v e s t i g a t i o n s  i n  t h e  f i e l d  i n  1 9 9 1 ,  t h e  d i f -
f e r e n t  b e h a v i o u r  o f  t h e  s i n g l e  g r o u p s  o f  m i c r o o r g a n i s m s  i s  
c o n s p i c i o u s .  O u t d o m · s  t h e  t o t a l  m i m b e r  o f  c f u  a n d  t h e  
a m o u n t s  o f  y e a s t s / f i l a m e n t o u s  f u n g i  d e v e l o p  s i m i l a r l y  t o  
t h e  g r o w t h  c h a m b e r  d a t a  u n d e r  d r y  c o n d i t i o n s .  H o w e v e r ,  
t h e  p o p u l a t i o n s  o f  e n t e r o b a c t e r i a  a n d  p s e u d o m o n a d s  w e r e  
v e r y  d i f f e r e n t  i n  b o t h  e x p e r i m e n t s .  T h e i r  d e n s i t i e s  w e r e  
n o t  p r o m o t e d  i n  t h e  f i e l d  b y  a d d i n g  e x c l u s i v e l y  s u c r o s e  t o  
t h e  e x t r a c t .  I n  c o n t r a s t ,  t h e  a d d i t i o n  o f  t h e  c o m b i n a t i o n  o f  
s u c r o s e  p l u s  b r e w e r ' s  y e a s t  f a v o u r e d  t h e  a e r o b i c  b a c i l l i  
s t r o n g e r  u n d e r  f i e l d  c o n d i t i o n s  t h a n  i n  g r o w t h  c h a m b e r .  
T h e s e  r e a c t i o n s  o f  t h e  d i f f e r e n t  m i c r o b i a l  g r o u p s  a r e  
c a u s e d  b y  e n v i r o n m e n t a l  f a c t o r s ,  w h i c h  a r e  e s p e c i a l l y  
i m p o r t a n t  u n d e r  f i e l d  c o n d i t i o n s .  O n  t h e  o c c a s i o n ,  i t  i s  
e v i d e n t ,  t h a t  t h e  m i c r o c l i m a t e  i n  t h e  p h y l l o s p h e r e  h a v e  a  
d e c i s i v e  i n f l u e n c e  o n  t h e  c o m p o s i t i o n  o f  t h e  m i c r o f l o r a ,  
w h i l e  t h e  i n f l u e n c e  o f  d i f f e r e n t  c u l t i v a r s  ( T r o l l i n g e r  i n  
g r o w t h  c h a m b e r  a n d  K e r n e r  i n  t h e  f i e l d  e x p e r i m e n t )  c a n  
b e  n e g l e c t e d .  H u m i d i t y  a n d  a v a i l a b l e  n u t r i e n t s  r e p r e s e n t  
t h e  m o s t  i m p o r t a n t  I i m i t a t i o n  f a c t o r s  ( B L A K E M A N  a n d  
F o K K E M A  1 9 8 2 ) .  N e v e r t h e l e s s ,  V E R C E S I  e t  a / .  ( 1 9 9 0 )  c h a r a c -
t e r i z e  t h e  t e m p e r a t u r e  a s  t h e  m o s t  i m p o r t a n t  f a c t o r  
i n f l u e n c i n g  t h e  a c t i v i t y  o f  a n t a g o n i s t s  a g a i n s t  B .  c i n e r e a .  
A l s o  B A K E R  a n d  C o o K  ( 1 9 7 3 )  c o n s i d e r  t h e  d i f f e r e n t  t e m -
p e r a t u r e  c o n d i t i o n s  i n  g r o w t h  c h a m b e r  a n d  f i e l d  t r i a l s  a s  
t h e  r e a s o n  f o r  t h e  f a i l u r e  o f  b i o l o g i c a l  c o n t r o l  a g e n t s  u n d e r  
o u t d o o r  c o n d i t i o n s .  
A t  t h e  t i m e  o f  s a m p l i n g  i n  t h e  f i e l d ,  d r y  a n d  h o t  w e a t h e r  
p r e v a i l e d  i n  d a y - t i m e ,  w h i l e  d u r i n g  t h e  n i g h t  h i g h  r e l a t i v e  
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humidity and dew on grape leaves set in , caused by the 
decline of temperature. This may explain the relatively 
high densities of all groups of microorganisms under field 
conditions. Moreover, the several mkrobial groups react 
differently on the specific weather condi tions and there-
fore another microbial structure occurs outdoors as com-
pared with the growth chamber trial. 
An other important factor influencing the phyllosphere 
microflora is the natural ultraviolet radiation (DtcKINSON 
1986, CosTERTON 1990) and differences in sensibility of 
the severa l groups of microbes must also be expected. 
Beside the microclimate also antagonistic interrela-
tions with the epiphytic microflora play apart in the intro-
duction of the microorganisms in the phyllosphere of out-
door plants. Smaller original microbial populations allow 
better establi shment of antagoni s tic microorganisms 
(LINDOW 1985) . Clearly, under outdoor conditions higher 
initial densities of microbes were found than under growth 
chamber conditions. Accordingly, the outdoor coloniza-
ti on with microbes from the extracts must be weaker and 
again differences in the reaction of the several microbial 
groups can be expected. 
In spite of the different population dynamics of mi-
croorganisms in the growth chambers and under field condi-
tions , the antiphytopathogen ic potential of the compost 
extracts is preserved and effective under outdoor condi -
tions as shown by the suppression of U. necator infections. 
Conclusions 
The experiments show, that results from growth cham-
ber trial s on biological disease control can not easily be 
transferred to fie ld conditions . Environmental factors in-
fluence largely the population dynamics of microbial an-
tagonists. It is evident, that pure cultures of isolated micobes 
are much more vulnerable to hostile environmental condi-
tions, than microbialmixtures in complex brothes , such as 
compost extracts . Their complexity enables an adaption to 
the environmental cond itions by the sh ifting of the micro-
bial spectrum in the phyllosphere. In this way, the Sup-
pression of various pathogens in a relatively wide range of 
temperature and humidity is possible (SACKE HEIM 1993). 
Therefore is is ev ident , that such complex microbial me-
dia have an important advantage as biological contro l 
agents if used under practical conditions in vineyards. Fur-
thermore, amendments of the ex tracts with nutrients can 
frequently stabilize the effects of the microbes through 
selective increase of their numbers. 
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